Activity Modelling of Urban Traffic Movement by Daly, Peter & Young, Bill
WORKING PAPER
ITS-WP-96-16
Activity Modelling of Urban Traffic
Movement
by
P Daly
and
W Young
INSTITUTE OF TRANSPORT STUDIES
The Australian Key Centre in Transport Management
Monash University
Clayton  Vic  3168
ISSN-015602116
No: Working Paper ITS-WP-96-16
Title: Activity Modelling of Urban Traffic Movement
Author: Mr Peter Daly
Lecturer
Institute of Transport Studies
Department of Civil Engineering
Monash University
Assoc.Prof. Bill Young
Infrastructure Engineering & Management &
Institute of Transport Studies
Department of Civil Engineering
Monash University
Acknowledgement: The authors wish to thank Neville Patterson from the
Queensland Department of Transport and Professor Anthony
Richardson from the Transport Research Centre for access to
the South East Queensland Household Travel Survey data and
Dr Kay Axhausen for his comments in the early development of
the model.
Contact: Institute of Transport Studies (Monash)
The Australian Key Centre in Transport Management
Department of Civil Engineering
Monash University
Clayton  Vic  3168
Tel. No. (03) 9905 9627
Fax. No. (03) 9905 4944
Email :itsinfo@eng.monash.edu.au
Date: October, 1996
Abstract: Many transport models use unrealistic representation of vehicle
trip linkages.  This paper presents a model that moves towards
incorporating vehicle trip linkages into a framework capable of
answering policy questions in a realistic manner. The model is
developed using data from the South East Queensland Household
Travel Survey. Variability in the nature of trip chaining and number
of unique chains found in the South East Queensland area data is
discussed The nature, role and method of incorporation of this data
into the model is discussed.  The staging of the model is explained
and initial applications of the model are foreshadowed.
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INTRODUCTION
1. The aim of this paper is to present a theoretical framework and working model that will
provide a realistic representation of travel behaviour that can reflect changes in travel demand
during the day and over a number of days.  The within day application will allow determination
of traffic flows, mode use and occupancies over a predefined time period whilst  between day
usage will allow expectation of continuing conditions and travel optimisation behaviour to be
assessed.
2. The study originated from the need for transport planners to have the necessary means at
their disposal to consider the "what if" option.  From the early days in design a tool to predict the
nature of travel in our transport  system has been desired.  The advent of the mainframe and later
the personal  computer, complete with a usable and friendly interface has not satiated the need,
but has rather increased the longing for a better tool to model travel behaviour. 
3. Whilst one single package is unable to unify the disaggregate behaviour of a population
into a usable and accurate prediction model (Hanson 1979, Nishii and Kondo 1992), it is
possible to model a series of levels within a hierarchial structure which may all interact.  Each
particular model would have its own set of boundary conditions and assumptions and would be
theoretically sound for the level being modelled.  Lower level models, such as those modelling
parking behaviour, could be used to verify broad assumptions made in higher level models and
those in turn could confirm general behaviour of lower level models as they are implicitly
contained within. This has led to the development of the "Monash Hierarchy of Models"
(Young, 1990), in which the model discussed in this paper exists at the urban wide strategic
planning level.
4. This paper presents a review of the activity approach and trip chaining behaviour, a
description of the model, discussion of the character of the data used to calibrate and test the
model and outlines preliminary applications of the model.
ACTIVITY APPROACH TO MODELLING HUMAN BEHAVIOUR
5. The activity approach to modelling human behaviour has its origins in the 1970's.  It has
been shown (Jones, 1979) that early attempts to take account of temporal and spatial location
choices resulted in time allocation studies as part of sociological and anthropological studies
(Szalai, 1966) or in comparisons of time budget data (Robinson, 1969).
6. Prior to this, the main tool of the practitioner was the technique of aggregate modelling. 
The use of such a model would follow the traditional four-step process of trip generation, trip
distribution, modal split and trip assignment.  It was not uncommon for the modal split step to be
used as a separator of public transport trips, subsequently discarded to allow the assignment of
private vehicles to the road network (Richardson, 1990).
7. The four-step process has a number of inherent inaccuracies which create problems when
using it to look at the effect of demand management policies.  Stopher and Meyburg (1975)
identified the key problems with regard to transport planning and the travel demand models
resulting from this process.
8. The activity approach developed from an international concern that current modelling
techniques were not sophisticated or conceptually sound enough to truly model human
behaviour.  The number of research studies into human behaviour increased rapidly in the early
seventies and a series of specialist conferences were held to collect the current research and
enable the assessment of future direction.
9. The first of these, A Conference on Travel Behaviour and Values was held in South Berwick,
Maine in 1973 (Stopher and Meyburg, 1974) and was followed by the Second International
Conference on Behavioural Travel-Demand Models held in Asheville, North Carolina in 1975
(Stopher and Meyburg, 1976).
10. The third conference in this series was held during April 1977 in Tanunda, South Australia
(Hensher and Stopher, 1979).  It was characterised by a paper which took the application of
psychological measurement techniques (Louviere et al 1979) and expanded it to model travel as
one type of human activity (Jones, 1979).  This approach was evidently attracting a great deal of
interest within the research community. The fourth conference in the series held in July in
Grainau Bavaria  (Stopher et al 1981), expanded the call to look more closely for assistance and
inputs from the scientific disciplines that had traditionally concentrated their research on human
behaviour.  The expansion beyond the econometric approach required reinforcement from
research into behavioural travel modelling from many different starting points in the social and
human sciences.
11. One conclusion to come out of this conference was succinctly stated in the conference
findings (Stopher et al, 1981 pp 731)
‘There is a clear need to rediscover the notion of understanding and to pursue it, to become less
single minded in the pursuit of mathematical models and be more open to a variety of alternative
models and construct, and to make much greater use of a range of inputs and ideas not generally
associated so far with transport planning and research.’
12. This advice appeared to find favour in the research community with a specialist conference
held at St Catherines College, Oxford in July 1981 (Carpenter and Jones, 1983).  It provided a
forum to discuss the new approaches to understanding travel behaviour that had been developed
since the Grainau conference
13. One of the most interesting areas of research highlighted was the development of  activity
based predictive modelling techniques.  Root and Recker (1983) developed an approach
detailing a strong theoretical framework for a dynamic activity pattern formulation, the lack of
which was believed to be a major obstacle to the development of improved analytical models.
14. Researchers in Germany had long been interested in the field of activity modelling. 
Kreibich in 1972 (Kreibich, 1979) developed a model which was expanded by Poeck and
Zumkeller (1976) for use in the Nurnberg Regional Transport Study.  Aggregation of individual
behaviour proved to be difficult and the work of Kutter (1973) who developed the means of
defining homogeneous groups within a population which exhibited similar travel behaviour was
essential in the development of the later models.  Household constraints which had not been
considered previously were incorporated into the modelling theory by Zumkeller (1983).
15. The modelling of secondary trips are a focus in the German models.  Axhausen proposed a
concurrent event flow modelling process using logit type models for choice of parking and mode
and Gravity based approaches for location choice (Axhausen and Hertz, 1989).  This work was
expanded (Axhausen, 1990) with the use of data from a stated preference survey carried out in
Karlsruhe (Axhausen and Polak, 1991).  A review of the current state of practise in stated
preference modelling is given in Hensher (1994) and Kitamura (1987,1988) provides a review of
developments in activity based travel and trip chaining.
16. Further studies examining trip chaining behaviour have taken place recently.  Nishii and
Kondo (1992) examine constraints underlying the travel linkages of rail commuters in the Kyoto-
Osaka-Kobe metropolitan area.  Kumar and Levinson (1995) used data gathered in Washington
to examine trip chaining behaviour. Strathman (et al. 1994) analysed trip chaining and non-work
travel using data obtained in the Portland, Oregon area.  Variability in day to day travel
behaviour and activity chaining was discussed by Pas and Subramanian (1995) using data
collected in Seattle W.A.  Bhat and Koppelman present a conceptual framework of activity
agenda generation (Bhat and Koppelman, 1993a) and argue the need to model employment,
income (Bhat and Koppelman, 1993b) and subsistence activity behaviour (Bhat and Koppelman,
1994) using data from the Dutch National Mobility Board.
MODEL OVERVIEW
17. The review has demonstrated the need to venture into the activity modelling area.  The
study, of which this paper forms part, is to develop a model that can investigate policies related
to parking demand and introduction of new infrastructure.  The model is called MONSTER.
18. MONSTER is the MONash System for T ansportation Education and Research, a
demand and parking management model.  It is part of the hierarchy of models being developed at
the Institute of Transport Studies Monash, within the department of Civil Engineering (Young
1990) and exists at the urban-wide strategic level.
19. MONSTER aims to provide a realistic representation of travel behaviour while still being
computational efficient.  It does this by adopting a simplified representation of both the spatial
structure and network topology. It is based on a dynamic representation of travel in a central
urban area that considers the behaviour of a population of individuals travelling during a number
of consecutive time periods within a day and across a number of succeeding days.  The within
day time periods allow the traffic flows, mode use and occupancies to be determined.  The
across day models allow the expectations of conditions to be represented. 
20. MONSTER is an interactive simulation model written in Microsoft VisualBasic™ and runs
under the MicroSoft Windows™ perating environment, providing the user with a high degree of
user friendliness.
21. The development of MONSTER builds on the work done at both Oxford and Karlsruhe
(Germany) based on Sparmans algorithm.  This algorithm takes behaviourly similar groups and
simulates their activity patterns through the transport network, subject to certain modal and
spatial constraints.  Kuchler (1985) and Holzapfel (1986) expanded this work to allow
distinction of so called "Primary" and "Secondary" activities.
22. In MONSTER these can be thought of as follows :
 primary activities of reasonably fixed location and duration
 secondary activities which may be undertaken at a flexible range of locations and
durations constrained by travel requirements and the next scheduled primary activity.
23. The tight restraints of home-based activities (such as care needs) make the household
suitable for an initial location as a primary activity.  Similarly the time budget and locational
constraints of work-place activities establish it as primary.  This is not to say that secondary trips
to secondary activities cannot occur during the time periods spent at these locations, rather they
may be seen as constraints on the choice of secondary activity location and time budget
allocation.
24. The event hierarchy consists of a number of activities that in sequence, constitute the travel
movement over a simulated period.
25. Decision making process : Constraints are evaluated and a location is selected for a
chosen/scheduled activity.
26. Network travel : Travel is undertaken through the network to the access point of the next
chosen location by the desired mode or modes.  This stage includes access to and egress from
the main travel mode including parking if appropriate.  This process employs an equilibrium
assignment algorithm.
27. Activity participation : The participation in the current activity for a period of time desired
and/or available in the individuals time budget.
28. At this stage the decision is made to whether the current activity is the final activity in the
travel chain.  If so the simulation will end, otherwise the decision making process is invoked
again.
29. The method of incorporating the algorithm into MONSTER implicitly recognises the
importance of primary activities as a foci for secondary activities. 
30. Primary trips are generated using regression methods and are distributed to all zones using
gravity model methodology.  The allocation of work sites to employed persons makes use of a
distribution module using the parameters of zonal employment and number of households as
attractors and generators of primary trips.  Education trips are distributed in a similar fashion.
31. The allocation of secondary trips uses the activity framework previously described and is
calibrated from the South East Queensland Personal Travel Survey (Department of Transport,
1993).  From a matrix of observed activity chains a working matrix of a number of similar chains
are derived, recognising that specific groups of people place more emphasis on participation in
certain activities at specific times that others. The weighted random allocation of an activity in
proportion to its occurrence and position in the sample of observed chains allows a series of
activity samples to be applied at the aggregate level for input to the activity algorithm. 
32. The spatial and temporal location of all possible destinations that allow participation in a
given activity are known on a zonal basis.  Participation time is allocated from the observed
distribution and network "in-vehicle" time to all destinations is determined assuming minimum
travel time path traces are utilised.  The addition of expected access, egress and parking search
time (if applicable) to the calculated travel network time results in a total travel time from the
current location to the set of all secondary destinations available and in succession, to the next
scheduled primary activity.  From this minimum travel time set, subsets of actual travel time can
be allocated to those with mode choice restrictions and those free to use all available modes. 
The latter subset  then undergoes a modal split process, wherein utility based approaches are
used to determine probabilities of usage for each mode.
33. The subsets of feasible destinations for a particular activity can be expressed as in eqn 1
and eqn 2.
For all  destinations i  If Tai  < ( Ttti + Tpi ) then  location not feasible           (1)
If Tai  >= ( Ttti + Tpi ) then  location  feasible           (2)
Where  Tai= time available,  Ttti = total travel time and  Tpi = activity participation time for 
activity at destination i.
34. The probability of a destination being selected is based on the perception of the maximum
utility destination available.  Each activity site is allocated an attractiveness based on a parameter
dependant on the individual drawing power of that activity including floorspace, parking
availability/proximity to transit and parking cost. Secondary destinations are allocated on the
basis of a logit process where the impedance is a function of total travel time.  This allocation is
done in three rounds.
35. Round one allocates destination zones on the basis that travel to attractive (higher
perceived utility) zones is more probable than less attractive (lower perceived utility) zones given
that the zone is feasible in time/space under prevailing network conditions.  If one or more
destination zones are not feasible within these constraints, the excess number of desired trips
compared to the number of allocated trips can be considered as the stage one surplus.
36. Round two allocation reflects a compromise between the desire to participate and the time
spent participating in the secondary activity.  The activity participation time is reduced and the
matrix of feasible destinations is reassessed.  The round one surplus is allocated to destination
zones based on the modified destination matrix and the perceived utility probabilities calculated
in round one.
37. Round three allocation recognises that the choice not to participate in a secondary activity
under less than desired conditions is valid.  If no suitable location for a given activity is chosen,
or none exist within the available time/space then the round two surplus activity chains are
modified to reflect non-participation and the time saved may be used later in the chain.
38. Travel to the selected destination is undertaken on the network and the activity chain is
updated, constraints re-evaluated and further decision making for the next activity instigated.
DATA REQUIREMENTS
39. The behavioural approach to modelling is an exciting and relevant technique.  Jones
(1985) identified a considerable number of reasons why it is advantageous to use this method,
especially the ability to treat travel as a derived demand.
40. The use of the activity approach at the strategic level incorporates many of these
advantages.  The change from traditional four-step modelling provides a more realistic and
conceptually sound base for modelling the impact of strategic policy development and
implementation.  Due to the increased comprehension of the model, data requirements are
intrinsically more complex.  Data incorporating the activity pattern of the individual over the day
is required and factors embodying trade-off between activity and location need to be derived. 
The techniques for doing this are well established (Jones, 1985).
41. Data from the South East Queensland Household Travel Survey (SEQHTS) was used. 
Table I is included to show  the scope of the data.  SEQHTS was a self-administered mail
survey.  For information on the survey methodology, the reader is referred to Department of
Transport (1993).  Variables such as population location and car ownership are assessed from
census data.  Network description, mode availability, activity location and network
characteristics are drawn from many sources such as planning authorities, published studies,
maps and  observational work. 
42. The need to limit the scope of the study necessitated the staging of the model.  The first
stage looks at the primary and secondary travel of full-time workers (Daly 1996).  The second
stage extends the model to examine the travel patterns of students, part-time workers and
workers with a variable workplace.  The third stage will in addition model the travel of non-
workers.  The staging of the model is required because of the large variability and size of activity
chains in the data set.  There were 14,104 activity chains present in the data comprising 4,747
unique chains.
43. The following discussion briefly presents some results of the travel patterns of full-time
workers.
EXISTING TRAVEL PATTERNS
44. The criteria adopted for the full-time worker is one who starts the day at home, spends
time at the workplace and returns home.  That is, travel is undertaken between two primary
activity sites.  Secondary travel in combination with the primary is modelled.  The breakdown of
workers over all travel chains is shown in Table II.   Further analysis for stage 1 modelling shows
that the total number of chains incorporating a work at workplace component numbered 4,552
with 1476 unique chain occurrences.  Table III gives codes used to describe the activity purpose.
It must be remembered when comparing total numbers of chains in sub-groups (for example
gender based travel differences), that some chains may appear in each group.  For example a
home-work-home chain may be undertaken by both males and females. The total number of
reported chains (not occurrences) would then be higher than the 1476 unique chains reported
above.
TABLE I
SEQHTS DATA FILE STRUCTURE.
File Type Parameters
Household id number
household size (residents)
home location (region)
number of visitors
no of registered vehicles
no of passenger vehicles
no of motorcycles
no of other vehicles
no of bicycles
telephone access
response time
validation method
Person id number
person no
birth year
sex
country of birth
type of vehicle licence
admin details
employment status
scholastic status
other occupation
cat of employment
industry type
starting location
Stop id number
person no
day
stop no
trip origin
time of departure
destination place
destination purpose
origin place
origin purpose
time of arrival
travel time
travel distance
average speed
mode
car usage
car occupancy
parking type
parking fee
toll type
toll cost
egress time
last trip for day?
Trip id number
trip number
origin place
origin purpose
destination place
destination purpose
trip distance
more stops?
trip leg arrival time
trip leg dep time
trip leg mode
trip leg travel time
Vehicle id number
vehicle make
vehicle model
year of manufacture
no of cylinders
vehicle ownership
parking provision by
employer
TABLE II
  ACTIVITY CHAINS OF POPULATION BY WORK TYPE.
Work Type Frequency Percent
Full-time work 5291 37.5
Part-time work 1677 11.9
Full&Part-time work 11 0.1
Non-work 6983 49.5
Missing Data 142 1.0
TOTAL 14104 100
TABLE III
CODES USED FOR ACTIVITY CHAINS.
ID Number Trip Purpose ID Number Trip Purpose
1 Change mode 9 Any Other
2 Pick Someone Up 10 Personal Business
3 Drop Someone Off 11 Social / Recreational
4 Accompany Someone 12 Social / Welfare
5 Buy Something 13 Medical / Dental
6 Education 14 Childcare
7 Work-Related 15 Park / Unpark
8 Go Home
45. The most commonly represented chains for full-time workers are shown in Table IV.  The
chains with  an occurrence greater than twenty comprise just over fifty percent of the total. 
Chains occurring between 10 and 19 times (22 chains) account for a further 6.6 percent, 5 to 9
times (45 chains) account for 6.2 percent and chains occurring less that 5 times (1,374 chains)
account for 35.7 percent.  Chains occurring once only (1,228 chains) alone account for 27
percent of the sample.  To a large extent this is reflected by multiple trips for the same purpose
(for example home-work-work-work-home).  For stage 1 modelling purposes these multiple
trips are identified, examined and where possible, aggregated to form a less complex chain (for
example, to home-work-home).
46. It is interesting to note that all home-work-home only trips account for about 35 percent
of all work trips (including multiple work trips and those in “All other”).  Much less variability is
found by Strathman (et al 1994) in both the Portland and Netherlands studies with these trips
accounting for about 80 percent of the total.  The difference can be partly explained by the
nature of the data obtained and analyses used but the large variability in trip chaining in the
Brisbane study is highlighted in comparison.
TABLE IV
ACTIVITY CHAINS FOR FULL-TIME WORKERS.
Chain Freq Cum Fr % Cum %
8,7,8 1439 1439 31.6 31.6
8,7,5,7,8 106 1545 2.3 33.9
8,7,5,8 100 1645 2.2 36.1
8,7,8,11,8 96 1741 2.1 38.2
8,7,7,7,8 93 1834 2 40.2
8,7,7,8 76 1910 1.7 41.9
8,3,7,8 70 1980 1.5 43.4
8,7,8,5,8 50 2030 1.1 44.5
8,5,7,8 48 2078 1.1 45.6
8,7,11,8 46 2124 1 46.6
8,7,8,7,8 42 2166 0.9 47.5
8,3,7,2,8 36 2202 0.8 48.3
8,7,7,7,7,7,8 35 2237 0.8 49.1
8,7,7,7,7,8 35 2272 0.8 49.9
8,7,10,7,8 29 2301 0.6 50.5
8,7,2,8 24 2325 0.5 51
8,7,8,2,8 20 2345 0.4 51.4
8,7,7,7,7,7,7,8 19 2364 0.4 51.9
8,7,11,7,8 19 2383 0.4 52.3
8,7,10,8 17 2400 0.4 52.7
All other (1456 chains) 2152 4552 47.3 100
TOTAL (1476 chains) 4552 100
Note: This table contains the 20 most reported activity chains.  All other chains are shown in the All other" row.
47. It generally would be expected that amongst a fairly stable group as full-time workers
starting at home, working at a workplace and returning to the same home location (including
secondary travel) considerable less variation in chaining would occur.  It is interesting to note
that multiple consecutive work related trips are identifiable in the larger occurrence chains.
48. A further disaggregation of full-time workers shows a similarly large variation.  In Table V
it can be seen that male full-time workers appear to be more likely to make multiple consecutive
work trips and females are more likely to prioritise chains containing social/recreational and
shopping components.  Both seem equally as likely to partake social/recreational activities after
work but females are nearly three times as likely to undertake a shopping component on the way
home from work.
TABLE V
ACTIVITY CHAINS FOR FULL-TIME WORKERS BY GENDER.
MALE (approx 66% of sample) FEMALE (approx 33% of sample)
Chain Freq % Cum % Chain Freq % Cum%
8,7,8 995 33 33 8,7,8 444 28.9 28.9
8,7,7,7,8 80 2.7 35.7 8,7,5,8 59 3.8 32.7
8,7,7,8 63 2.1 37.8 8,7,5,7,8 48 3.1 35.8
8,7,8,11,8 62 2.1 39.9 8,7,8,11,8 34 2.2 38
8,7,5,7,8 58 1.9 41.8 8,7,8,5,8 19 1.2 39.2
8,3,7,8 51 1.7 43.5 8,3,7,8 19 1.2 40.4
8,7,5,8 40 1.3 44.8 8,3,7,2,8 19 1.2 41.6
8,5,7,8 35 1.2 46 8,7,11,8 18 1.2 42.8
8,7,8,5,8 31 1 47 8,7,8,7,8 17 1.1 43.9
8,7,7,7,7,7,8 30 1 48 8,5,7,8 13 0.8 44.7
8,7,7,7,7,8 28 0.9 48.9 8,7,7,8 13 0.8 45.5
8,7,11,8 28 0.9 49.8 8,7,7,7,8 13 0.8 46.3
8,7,8,7,8 25 0.8 50.6 8,7,10,7,8 11 0.7 47
8,7,2,8 19 0.6 51.2 8,7,11,7,8 9 0.6 47.6
8,7,10,7,8 18 0.6 51.8 8,7,5,7,5,8 9 0.6 48.2
8,7,7,7,7,7,7,8 18 0.6 52.4 8,7,10,8 8 0.5 48.7
8,3,7,2,8 17 0.6 53 8,3,7,5,7,2,8 7 0.5 49.2
8,7,8,2,8 15 0.5 53.5 8,3,7,5,8 7 0.5 49.7
8,7,7,7,7,7,7,7,8 14 0.5 54 8,4,7,8 7 0.5 50.2
8,7,8,4,8 13 0.4 54.4 8,7,5,7,11,8 7 0.5 50.7
All other (998 chains)1376 45.7 100 All other (597 chains) 753 49.3 100
TOTAL (1018 chains)3016 100 TOTAL (617 chains) 1534 100
Missing data (2 records).   Sum of chain frequencies (Table V and missing data) = 4552.
Note: This table contains the 20 most reported activity chains.  Other chains are shown in the "All other" row.
49. Comparison of full-time workers by age group or life-cycle is shown in Table VI and
Table VII.  It can be seen that approximately 54 percent of the sample are aged between 30 and
49 years, 30 percent between 15 and 29 years, 14 percent between 50 and 64 years and 0.4
percent between 65 and 90+ years.
50. Workers in the 15-29 year age group have social/recreational and shopping trips ranked
two to five in the hierarchy reflecting the prioritising of these secondary activities.  This is not as
prevalent in the other groups.  There is a large variety in the number of chains comprising the
first fifty percentile with the most number of chains shown in the age group 30 to 49 years (22
chains) followed by 15 to 29 years (11 chains), 50 to 64 years (8 chains) and 65 to 90+ (1 chain).
 Serve passenger trips feature more in the 30 to 49 year age group than others.
TABLE VI
ACTIVITY CHAINS FOR FULL-TIME WORKERS BY AGE.
AGEGROUP   15-29yrs  (approx 30% of sample) AGEGROUP  30-49yrs  (approx 54% of sample)
Chain Freq % Cum% Chain Freq % Cum%
8,7,8 460 34.2 34.2 8,7,8 689 28.2 28.2
8,7,8,11,8 42 3.1 37.3 8,7,7,7,8 52 2.1 30.3
8,7,5,7,8 38 2.8 40.1 8,7,5,8 52 2.1 32.4
8,7,5,8 24 1.8 41.9 8,7,5,7,8 49 2 34.4
8,7,11,8 23 1.7 43.6 8,3,7,8 48 2 36.4
8,7,7,7,8 20 1.5 45.1 8,7,7,8 47 1.9 38.3
8,7,8,5,8 17 1.3 46.4 8,7,8,11,8 46 1.9 40.2
8,5,7,8 17 1.3 47.7 8,7,8,5,8 26 1.1 41.3
8,7,7,8 16 1.2 48.9 8,3,7,2,8 25 1 42.3
8,7,8,7,8 12 0.9 49.8 8,7,7,7,7,7,8 24 1 43.3
8,3,7,2,8 10 0.7 50.5 8,5,7,8 21 0.9 44.2
8,7,6,8 9 0.7 51.2 8,7,8,7,8 20 0.8 45
8,3,7,8 8 0.6 51.8 8,7,10,7,8 19 0.8 45.8
8,7,5,7,8,11,8 8 0.6 52.4 8,7,7,7,7,8 16 0.7 46.5
8,7,8,6,8 8 0.6 53 8,7,2,8 16 0.7 47.2
8,7,11,7,8 8 0.6 53.6 8,7,8,2,8 12 0.5 47.7
8,7,7,7,7,8 8 0.6 54.2 8,7,11,8 12 0.5 48.2
8,7,10,8 7 0.5 54.7 8,7,7,7,7,7,7,8 12 0.5 48.7
8,7,2,8 7 0.5 55.2 8,7,7,7,5,8 11 0.4 49.1
8,11,8,7,8 6 0.4 55.6 8,7,7,7,7,7,7,7,8 9 0.4 49.5
All other (495 chains) 597 44.4 100 All other (920 chains) 1240 50.5 100
TOTAL (515 chains) 1345 100 TOTAL (940 chains) 2446 100
Note: This table contains the 20 most reported chains.  Other chains are shown in the "All other" row.
TABLE VII
ACTIVITY CHAINS FOR FULL-TIME WORKERS BY AGE.
AGEGROUP  50-64yrs  (approx 14% of sample)AGEGROUP  65-90+yrs  (approx 0.4% of sample)
Chain Freq % Cum% Chain Freq % Cum%
8,7,8 230 36 36 8,7,8 10 52.6 52.6
8,7,5,8 20 3.1 39.1 8,7,5,7,5,8 1 5.3 57.9
8,7,7,7,8 18 2.8 41.9 8,7,13,8 1 5.3 63.2
8,7,5,7,8 15 2.3 44.2 8,7,8,5,11,8 1 5.3 68.5
8,3,7,8 14 2.2 46.4 8,7,7,7,7,7,7,7,7,7,7,7,8,7,81 5.3 73.8
8,7,11,8 11 1.7 48.1 8,5,10,10,10,7,8 1 5.3 79.1
8,7,7,8 11 1.7 49.8 8,11,8,7,7,7,7,8 1 5.3 84.4
8,5,7,8 9 1.4 51.2 8,5,7,10,10,8 1 5.3 89.7
8,7,8,11,8 8 1.3 52.5 8,7,11,7,8 1 5.3 95
8,7,7,7,7,8 8 1.3 53.8 8,5,7,7,8,11,8 1 5.3 100
8,7,8,7,8 8 1.3 55.1
8,5,8,7,8 7 1.1 56.2
8,7,7,7,7,7,8 5 0.8 57
8,7,10,8 5 0.8 57.8
8,7,10,7,8 4 0.6 58.4
8,7,8,5,8 4 0.6 59
8,7,7,7,7,7,7,7,7,7,7,8 3 0.5 59.5
8,3,8,7,8 3 0.5 60
8,7,7,7,5,7,8 3 0.5 60.5
8,7,7,8,7,8 3 0.5 61
All other (225 chains) 250 39 100
TOTAL (245 chains) 639 100 TOTAL (10 chains) 19 100
Missing data (103 records). Sum of chain frequencies (Table VI, Table VII and missing data) = 4552.
Note: This table contains the 20 most reported activity chains.  Other chains are shown in the "All other" row.
51. Across occupation (Table VIII) there is again variability in the number of different chains
making up the first fifty percentile.  The first two groups appear to participate in a larger
proportion of social/recreational trips.  This may be in part explained by the observation that the
third group has a relatively high home-work-home proportion of overall trips.
POLICY APPLICATIONS
52. The previous sections have dealt with the development of the model and discussion of the
data used.  The model has the ability to examine changes in travel behaviour caused by policy
implementation.  It is intended to investigate a number of  policy areas during stage one
modelling.  These will include; variations in trip behaviour such as the modification of activity
chains and type of activity participation under location choice constraints, the effect of variable
work hours on location and mode choice, the effect of primary activity location on secondary
activity location choice and participation and the nature and extent of travel behaviour/activity
participation changes reflected by changes in the transport network infrastructure and temporal
availability.  Subsequent refinement of the model in stages two and three will allow further policy
initiatives to be examined.
CONCLUSIONS
53. This paper has described the development of the MONSTER activity model.  The
background to the development of the model has been discussed and the role and scope of the
model in the hierarchy of models being developed at the Institute of Transport Studies Monash
has been identified.  Variability in the nature of trip chaining and number of unique chains found
in the South East Queensland area data has been discussed. Stage one of the model has been
completed and the authors will report the application of stages two and three in the near future.
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TABLE VIII
ACTIVITY CHAINS FOR FULL-TIME WORKERS BY OCCUPATION.
Managerial, Professional, Para-Professional.
(approx 38% of sample)
Tradesperson, Clerk, Sales and Personal
Services  (approx 45% of sample)
Plant and Machine Operator, Labourer.
(approx 14% of sample)
Chain Freq % Cum% Chain Freq % Cum% Chain Freq % Cum%
8,7,8 459 26.3 26.3 8,7,8 670 32.7 32.7 8,7,8 264 40.6 40.6
8,7,5,7,8 51 2.9 29.2 8,7,8,11,8 48 2.3 37.3 8,7,7,7,8 21 3.2 43.8
8,7,7,7,8 40 2.3 31.5 8,7,5,7,8 47 2.3 39.4 8,7,5,8 15 2.3 46.1
8,7,8,11,8 39 2.2 33.7 8,7,5,8 42 2.1 39.4 8,5,7,8 14 2.2 48.3
8,7,5,8 39 2.2 35.9 8,7,7,8 30 1.5 40.9 8,7,7,8 11 1.7 50
8,3,7,8 35 2 37.9 8,3,7,8 28 1.4 42.3 8,7,8,5,8 10 1.5 51.5
8,7,7,8 33 1.9 39.8 8,7,7,7,8 27 1.3 43.6 8,7,8,7,8 10 1.5 53
8,7,10,7,8 17 1 40.8 8,5,7,8 25 1.2 44.8 8,7,11,8 9 1.4 54.4
8,7,8,5,8 16 0.9 41.7 8,7,8,5,8 24 1.2 46 8,5,8,7,8 9 1.4 55.8
8,7,11,8 15 0.9 42.6 8,7,11,8 22 1.1 47.1 8,7,8,11,8 8 1.2 57
8,7,8,7,8 14 0.8 43.4 8,3,7,2,8 20 1 48.1 8,7,7,7,7,7,8 7 1.1 58.1
8,7,7,7,7,7,8 12 0.7 44.1 8,7,7,7,7,7,8 16 0.8 48.9 8,3,7,8 7 1.1 59.2
8,7,7,7,7,8 11 0.6 44.7 8,7,8,7,8 16 0.8 49.7 8,7,5,7,8 6 0.9 60.1
8,3,7,2,8 11 0.6 45.3 8,7,7,7,7,8 16 0.8 50.5 8,3,8,7,8 5 0.8 60.9
8,7,10,8 10 0.6 45.9 8,7,11,7,8 13 0.6 51.1 8,7,2,8 5 0.8 61.7
8,7,8,4,8 9 0.5 46.4 8,7,2,8 11 0.5 51.6 8,7,7,7,7,7,7,7,8 5 0.8 62.5
8,7,8,6,8 8 0.5 46.9 8,7,7,7,7,7,7,8 11 0.5 52.1 8,7,7,7,7,7,7,8 5 0.8 63.3
8,7,6,8 8 0.5 47.4 8,7,5,7,8,11,8 11 0.5 52.6 8,7,7,7,7,8 4 0.6 63.9
8,5,7,8 8 0.5 47.9 8,7,10,7,8 10 0.5 53.1 8,7,7,7,7,7,7,7,7,7,7,84 0.6 64.5
8,7,8,2,8 8 0.5 48.4 8,7,8,10,8 9 0.4 53.5 8,11,8,7,8 3 0.5 65
All other (719 chains)903 51.6 100 All other (727 chains)950 46.5 100 All other (194 chains)229 35 100
TOTAL (739 chains) 1746 100 TOTAL (747 chains) 2046 100 TOTAL (214 chains) 651 100
Other employment / Missing data / Not Relevant (109 records).  Sum of chain frequencies (Table VIII and Other employment etc.) = 4552.
Note: This table contains the 20 most reported activity chains.  Other chains are shown in the "All other" row.
